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Japanese Patent number H04-038495 



Patent title: Device and method for remote detection of substances 
Claims 

1. A device for remote detection of substances, comprising a tuning circuit, a transmitting 
/ receiving coil and a means to amplify and detect RF wave, for detecting specific 
substances by measuring NQR signals excited in the object to be inspected, said device 
having a new feature that the transmitting / receiving coil is divided into several segments 
and condensers are inserted in serial between the segments. 

2. The device of claim I, wherein the divided segments of said transmitting / receiving 
coil have all the same inductance. 

3. The device of claim I, wherein said transmitting / receiving coil is divided so that at 
least one of the divided segments has an inductance different from the others. 

4 The device of claims 1 or 3, wherein said condensers between the coil segments have 
the same capacitance as the others. 

5. The device of claims 1 or 3, wherein at least one of the said condensers inserted 
between the segment of the said coil has different capacitance from the others. 

6. The device of claims 1 or 5, wherein said tuning circuit comprises (1) the first 
condenser connected in serial to the transmitting / receiving coil, and (2) the second 
condenser connected in parallel to the serial circuit consisting of (i) the transmitting / 
receiving coil, (ii) the first condenser connected in serial to the transmitting / receiving 
coil and (in) the condensers between the coil segments. 

7. The device of claim 6, wherein the first condenser connected in serial to the 
transmitting / receiving coil has nearly the same capacitance as each condenser between 
the coil segments, within the fine-tuning range of the first condenser. 

8. The device of claim 6 or 7, wherein at least one of the said two condensers ,(1) the first 
condenser connected in serial to the transmitting / receiving coil and (2) the second 
condenser connected in parallel to the serial circuit is a variable condenser. 

9. The device of claim 8, wherein said variable condenser comprises a fixed condenser 
and a variable condenser connected in parallel to each other. 

10. The device of claim 8 or 9, wherein the device has a tuning-circuit controller which 
controls (i) the tuning circuh and (ii) the method to amplify and detect the RF wave. 

11. A method for remote detection of substances, which is used to detect substances by 
measuring NQR signals excited in the object to be inspected, said method uses a device 



of claim I or 10, and further detects the signals by increasing the strength of magnetic 
tield, by means of mcreasing the number of turns in the transmitting / receiving coil 
without increasing the coil voltage. 

12. The method for remote detection of substances, which is used to detect substances by 
measurmg NQR signals excited in the object to be inspected, said method uses a device 
of claim I or 10, and further detects the signals by increasing the strength of magnetic 
field at a point far fi-om the said transmitting / receiving coil, by means of increasing the 
cross section of the said coil without increasing the coil voltage. 

DETAILED DESCRIPTION 

[Industrial applications] 

This invention relates to a device for remote detection of substances by using nuclear 
quadrupole resonance (hereafter denoted by NQR), in particular, to a device and method 
tor remote detection of substances which are suitable for highly sensitive remote 
luggage" P'""^'^'^^^ goods such as plastic bombs and drugs hidden in the aircraft 

[Description of the Prior Art] 

The conventional device for remote detection of substances by using NQR is disclosed 
tor example, in the Journal of Molecular Structure, vol. 58, (1 980) pp 63-77 In the ' 
article the device comprised of a transmission coil made by winding a flat conducting 
tape 10 turns mto a spiral form of 10 cm in diameter. The coil excites nuclear quadrupole 
moment in the object to be inspected that is placed about 10 cm away from the coil The 
device detects the substances of interest by receiving electromagnetic wave (NQR signal) 
induced by the excitation ofnuclear quadrupole moment. 

[Problem(s) to be Solved by the Invention] 

The said prior art, however, did not consider the situation where the object to be 
inspected is relatively large and is placed more than 1 0 cm away from the transmission 
coil. In such a device for remote detection of substances, the performance of device is 
determined by the distance between the object to be inspected and the transmitting / 
receiving coil. Considering the size of the real luggage, in order for the devices to be 
practical, the distance need to be more than 20 cm. 

In general, NQR signal intensity S is approximately given as 

S ocsin(CHTv), 

where H is the intensity of magnetic field of transmitted pulse at the object to be 
inspected, Tv is the pulse width of transmitted pulse. C is a constant characteristic of 
specific materials. As will be explained later, when the distance between the coil of the 
remote detection device and the object to be detected becomes larger, the intensity of 
magnetic field, H. shows sharp decrease. On the other hand, since C is a constant and 
rvis dependent on the spin relaxation time specific to materials, these values cannot be 



increased infinitely. Therefore, if the intensity of magnetic field at the object to be 
detected, is less than a certain level, NQR signal intensity, S. becomes extremely small 
and cannot be distinguished from noise, and hence, the NQR signal cannot be detected. 

As explained above, generally, as the distance between the transmission coil and the 
object to be delected becomes large, the intensity of magnetic field at the object becomes 
small. This relation is expressed with the following equation for a solenoid coil- 



(2) 



where //IS the intensity of magnetic field, r is the coil radius [m], / is the distance 
between the coil and the object [m], n is the number of turns in the coil, and / is the coil 
current [A]. The curve A in Drawing 3 shows the intensity of magnetic field as a 
function of the distance between the coil and the object, /, when n = 2 turns and'r = 5 cm 
(the diameter of the coil is 10 cm) in Equation (2). From the curve A, it is evident that 
even when the intensity of magnetic field is sufficient to detect NQR signals at / = 10 cm 
the intensity of magnetic field becomes too small to detect NQR signals at /> 1 0 cm. ' 

According Equation (2), a method to solve this problem is to increase the number of turns 
in the coiU. The curve B in Drawing 3 shows the relation between the intensity of 
magnetic field, //, and the distance between the coil and the object, /, when the number of 
turns in the coil, n, is increased. The voltage applied to the coil, Vl, is given as 

VL = 27t/LI 3 

= c' n^ 1 ^ ' 

(4) 

where / is the frequency , L is the inductance of the coil, I is the coil current n is the 
number of turns in the coil, and c' is a constant determined by the coil and frequency 
Hence, when the number of turns in the coil, n, or the coil current, /, is increased, the coil 
voltage Vl becomes large, leading to the occurrence of electric discharge. 

Another possible method to solve the aforementioned problem is to increase the coil 
radius, r, to make an uniform distribution of the intensity of magnetic field in the 
direction of distance, and to increase the intensity of magnetic field at farther distance 
The curve C in Drawing 3 shows the intensity of magnetic field, H, as a function of the 
distance between the coil and the object, /, when n = 2 turns and r = 20 cm (the diameter 
of the coil IS 40 cm). However, the coil voltage Vl is given as 

V.. = 27t/LI 
= c'-r^l 

" (6) 

where / is the frequency , L is the inductance of the coil, I is the coil current n is the 
number of turns in the coil, and c" is a constant determined by the coil and frequency 
Hence when the radius of the coil, r, is increased, the coil voltage Vl again becomes 
large, leading to the occurrence of electric discharge. 



As explained above, for conventional transmission coils consisting of one piece of coil 
the distance between the coil and the object to be detected cannot be increased, because 
the increase in magnetic field at a distance causes high voltage in the coil, which results 
in the occurrence of electric discharge and hence disables detection of NQR signals This 
has been the major problem for the practical application of NQR method to remote 
detection of substances. 

The aim of this invention is to solve the aforementioned problem of conventional 
technology and to provide a new device and method for remote detection of substances 
with which, even when the object to be inspected is relatively large and the distance 
between the transmission coil and the object is larger than 10 cm. the substances of 
interest contained in the object can be efficiently excited and delected by using highly 
sensitive NQR. ^ o...s ...gmy 

[Means for Solving the Problem] 

In order to achieve the aim, in this invention, conventional transmission coils consisting 
of one piece of coil are divided into several segments, and the segments are connected in 
series with each other via condensers, so that the increase in coil voltage is prevented. 

[Function] 

As an example. Drawing 2(a) shows the circuit diagram of the case where a transmission 
coil IS divided into 6 identical segments and five identical condensers are inserted in 
series between the segments. Drawing 2(b) shows the voltage at each point in the said 
circuit. In Drawing 2(a), 13 is a variable condenser for resonance frequency adjustment 

14 IS a variable condenser for impedance adjustment, 1 5s are segments of the coils 
divided as claimed in this invention, and 16s are condensers inserted in between the coil 
segments. 

When the coil is divided into N parts in this manner, the inductance of each segment 
becomes l/N of the original value the coil had prior to the segmentation. Therefore 
according to the Equation (3), when the same coil current is used, the coil voltage can be 
reduced down to I/N of the original value (see Drawings 6 (a) & (b) for die case the coil 

15 not segmented). As a result, it becomes possible to apply N times stronger coil current 
to obtain N times stronger magnetic field without causing electric discharge As a 
consequence, magnetic field, which is sufficiently strong to detect NQR signals, can be 
obtained at a distance farther than 10 cm fi-om the coil. 

Another example is to increase the number of turns of the coil N times and then to divide 
the coil into N- segments. In this case. Equation (4) predicts that, when the number of 
turns becomes N times higher, the coil voltage becomes N' times higher. However by 
dividing the coil into N" segments, magnetic field can be N times stronger than the case 
where the coil is not segmented, without increasing the coil voltage of each segment 



Yet another example is to multiply the radius of the coil N times and then to divide the 
coil into N segments. In this case, Equation (5) predicts that, when the coil radius 
becomes N tim^es larger, the coil voltage becomes times higher. However, by dividing 
the coil mto N segments, magnetic field at farther distance can become stronger than the 
case prior to the segmentation of the coil, vk^ithout increasing the coil voltage of each 
segment. * 

It should be noted that, the condensers inserted in serial between the coil segments 16 is 
connected m serial with the variable condenser for resonance frequency adjustment 13 as 
shown in Drawmg 2(a), and hence, the capacitance of the circuit is a combined ' ' 
capacitance of those condensers connected in serial to each other. Therefore, the 
capacitance of those condensers needs to be determined so as to obtain the desired 
adjustable range of resonance frequencies. 

[Examples] 

The first practical example of this invention is described below using Drawings I - 4 In 
this example, a major component of plastic bombs, RDX (hexahydro.l,3,5-trinitro-l 3 5- 
triazine, which has the NQR frequency of nitrogen nuclei of 5.2 MHz) was used as the' 
substances to be detected. 

Drawing 1 shows the configuration of the system in this example. Firstly RF wave 
which was generated by the base RF wave generator 1 , and a square pulse, which wks 
generated by the DC pulse generator 2, were together inputted into RF power amplifier 3 
to generate a train of RF pulses having a pulse width of 200 ^sec, a pulse distance of 50 
msec and a frequency of 3 kHz off the NQR frequency. Secondly, this train of pulses 
was inputted into the transmitting/receiving coil 5 via the tuning circuit 4,and then RF 
electromagnetic wave in a pulse form was irradiated onto the object to be inspected 6 
which contained the substances to be detected 7. 

Here, the tuning circuit 4 comprised a variable condenser for resonance frequency 
adjustment 13 and a variable condenser for impedance adjustmem 14 (see Drawing 7) 
The former condenser adjusts the resonance frequency into the NQR frequency 5 2 MHz 
of the substances 7. The latter condenser adjusts the impedance into the impedance of RF 
power amplifier 3 and the low-noise amplifier 8. 

The transmitting / receiving coil was a solenoid coil which had a diameter of 1 0 cm, the 
number of turns of 2, and was divided into 6 identical segments (denoted by 15 in 
Drawing 2) with 5 identical condensers inserted in series between the segments The sum 
of capacitance values of the 5 condensers 16, and the variable condenser for resonance 
frequency adjustment 13 (see Drawings 1 &. 2), were determined to be about 6 times 
larger than the capacitance of the variable condenser for resonance frequency adjustment 
13 prior to segmentation of the coil (see Drawing 6), so that the combined series 
capacitance of the said 6 condensers was the same as that of the variable condenser for 
resonance frequency adjustmem 13 prior to segmentation of the coil, and thus the 



resonance frequency after segmentation of the coil became the same as that before the 
segmentation. 



When the coil was divided in this manner, each coil segment (denoted by 1 5 in the 
drawmg) has a small inductance value, which enables reduction of the voltage on each 
segment. At the same time, the capacitance of the variable condenser for resonance 
frequency adjustment, 14, is able to be increased without changing the resonance 
frequency, and thus the voltage on the variable condenser can be also reduced. 

Drawing 2(a) shows the circuit of transmitting / receiving coil 5 including the tuning 
circuit 4. Due to the aforementioned results, the voltage distribution at each point of the 
circuit becomes as shown in Drawing 2(b). And hence, the voltage, which is applied over 
one coil ( equivalent to the said coil segment 15) and the variable condenser for 
resonance frequency adjustment, 1 3, can be 1/6 of the voltage in Drawings 6(a) and fb) 
where the coil is not segmented. o v / v / 

As a result, the coil current can become 6 times higher than the conventional case 
without causing electric discharge, and thus magnetic field can become 6 times stronger 
than the conventional case. This resulted in the magnetic field sufficiently strong to 
detect NQR signals at a distance of 20 cm between the transmission coil and the object 
The curve B in the Drawing 3 shows the relation between the distance and the intensity of 
magnetic field for this example. 

In Drawing I, the electromagnetic wave, which was induced in the object 7 by irradiated 
RF pulses, was detected by the transmitting/receiving coil 5, and the detected signal was 
passed through the tuning circuit 4 and was amplified by the low-noise amplifier 8 The 
signal was further phase-detected by using the RF wave generated by the base RF wave 
generator 1, and then amplified again by the low-noise amplifier 10. The output of the 
amplified signal was added -1024 times by the digital calculator. 

Drawing 4(a) shows the example of FID (fi-ee induction decay) signal detected in this 
manner, when the distance between the transmitting/receiving coil and the object was 20 
cm. Figure 4(b) shows the power spectrum obtained by calculating Fourier 
transformation of FID signal by the data processor 12. The NQR signal of about 3 kHz in 
the substance 7 is thus detected and clearly distinguished from noise. 

As explained above, according to this practical example, the coil current can become 6 
times higher than the conventional case, without causing electric discharge, and thus 
magnetic field can become 6 times stronger than the conventional case. As a result the 
distance for the magnetic field to be sufficiently strong to detect NQR signals can be 
increased form 10 cm to 20 cm. and the detection of substances 7 at the distance of 20 cm 
between the transmitting/receiving coil and the object is enabled. 

Next, the second practical example of this invention is explained using the Drawing 3. It 
is to be noted that the difference between the first and the second examples is the 



transmitting/receiving coil only, and hence the rest of the components will not be 
explained in the second example. 



In the second example, the coil used as the transmitting/receiving coil was a solenoid coil 
with a diameter of 10 cm, which is the same as the first example, but with the number of 
turns of 1 2, which is 6 times more than the first example. In order to prevent the coil 
voltage from becoming 36 times higher, the coil was divided into 36 identical segments 
and 35 identical condensers were connected in serial between the segments. As a 
consequence, magnetic field became 6 times stronger with the same coil current without 
occurrence of electric discharge. As a result, the distance for the magnetic field to be 
sufficiently strong to detect NQR signals was increased form 10 cm to 20 cm and the 
detection of substances 7 at the distance of 20 cm between the transmitting/receiving coil 
and the object was enabled. The relation between the distance and the intensity of 
magnetic field in this example is shown in Drawing 3 as the curve B. 

Further, this example has an advantage over the first example; since the coil current does 
not have to be increased as in the first example, the parts of the circuit, such as the coil 
the serial condensers connected to the segments of the coil, the variable condenser for ' 
resonance frequency adjustment, and the variable condenser for impedance adjustment 
do not have to have a high current capacity. ' 

Next, the third practical example of this invention is explained using the Drawing 3 It is 
to be noted that the difference between the first and the third examples is again the 
transmitting/receiving coil only, and hence the rest of the components will not be 
explained in the second example. 

In the third example, the coil used as the transmitting/receiving coil was a solenoid coil 
with the number of turns of 2, which is the same as the first example, but with the 
diameter of 40 cm, which is 4 times more than the first example. In order to prevent the 
coil voltage from becoming 16 times higher, the coil was divided into 16 identical 
segments and 15 identical condensers were connected in serial between the segments As 
a consequence, the intensity distribution of magnetic field became uniform and the 
magnetic field at a long distance fi-om the coil became stronger for the same coil current 
without causing electric discharge. As a result, the distance for the magnetic field to be 
sufficiently strong to detect NQR signals was increased form 10 cm to 20 cm and the 
detection of substances 7 at the distance of 20 cm between the transmitting/receiving coil 
and the object was enabled. The relation between the distance and the intensity of 
magnetic field in this example is shown in Drawing 3 as the curve C. 

Further, this example again has an advantage over the first example: Since the coil 
current does not have to be increased as in the first example, the parts of the circuit, such 
as the coil and condensers do not have a high current capacity. 

Moreover, this example has a further advantage over the first and second examples- Since 
the intensity distribution of magnetic field is uniform and the intensity of magnetic field 
near the coil is reduced (see the curve C in Drawing 3), the energy of magnetic field is 



use more efficiently, and thus the output from the RF power amplifier in Drawing 1 can 
be smaller than in the first and second examples. 

This example has yet another advantage over the other examples; Since the diameter of 
the coil IS 40 cm and the cross section of the coil is as large as 1257 cm^ an object to be 
inspected 6 as large as up to 40 cm in diameter can be placed inside of the coil 5 As a 
result, detection is efficiently carried out by using the location where the magnetic field is 
hcZZT ^'^ of the device can 

Finally, the fourth practical example of this invention is explained using Drawing 5 In 
this example, a tuning circuit controller 1 7 is added to the device in the example I as 
shown in Diagram 5(a). ^ 

The tuning circuit controller plays the following roles: Firstly, it automatically controls 
the variable condenser for adjusting impedance 14, so as to make impedance coupling 
between the RF power amplifier 3 and the low-noise amplifier 8. Secondly it 
automatically controls the variable condenser for resonance frequency adjustment 1 3 so 
as to maximize the NQR signals obtained by the digital calculator 1 1 or the data ' 
processor 12. 

As a result this example has an advantage over the first example; the impedance and the 
resonance frequency can be automatically adjusted so as to obtain the maximum NOR 
signals, even when the object to be inspected 6 is exchanged one after another and the 
impedance and the resonance frequency are accordingly changed. 

In all of those four examples, the coil was divided into many identical segments and 
Identical condensers were inserted between the segments. However, it is not essential for 
the segments to be identical to each other, or for the condensers inserted to be identical to 
each other. If they are not identical to each other, care should be taken so that electric 
discharge will not occur at the coil segments having the largest inductance or at the 
condenser having the smallest capacitance where the local voltage will become the 
highest. 

Further it is not essential that the variable condenser for resonance frequency adjustment 
13 and the variable condenser for impedance adjustment 14 are composed of only one 
variable condenser. They can be substituted by swapping of many fixed condensers 
having var ious capacitance. Or, they can consist of a combination of fixed condensers 
and variable condensers connected in parallel. With this way, it is not necessary to use 
expensive var^ble condensers, or variable condensers having a narrow variable range can 
be used, which leads to the cost reduction of the device. 

Further the other substances rather than RDX in the above examples, can also be 
detected^fthe substances cause nuclear quadrupole resonance. For example, explosives 
such as TNT (tri nitro toluene), narcotics such as cocaine, stimulants, can be detected 



[Effect of the Invention] 



According to this invention, for remote detection of substances utilizing NQR 
the distance between a transmitting/receiving coil and a substances to be detected at 
which magnetic field is sufficiently strong to detect NQR signal, can be increased 
without causing electric discharge in the coil. As a result, the detection of the substances 
can be carried out even when the object to be inspected such as luggage is large and the 
distance between the transmitting coil and the object becomes far. 

DESCRIPTION OF DRAWINGS 

Drawing 1(a) is the configuration of the device described in Examples 1 - 3 of this 
invention. 

Drawing 1(b) is the detailed circuit diagram of the tuning circuit and the 
transmitting/receiving coil in Example 1. 

Drawing 2(a) is the circuit diagram of the tuning circuit and the transmitting/receivine 
coil in Example I. o- e 

Drawing 2(b) is the voltage map at each point of Drawing 2(a). 

Drawing 3 is the examples of intensity distribution of magnetic field showing the relation 
between the intensity of magnetic field and the distance from the transmission coil for 
different cases. 

Drawings 4(a) and (b) are the examples of FID signal and the power spectrum 
respectively, for the case when the distance between the coil and the substance was 20 

cm. 

Drawing 5(a) is the configuration of the device in Example 4. 
Drawing 5(b) is the detailed circuit diagram of the tuning circuit and the 
transmitting/receiving coil in Example 4. 

Drawing 6(a) is the circuit diagram of the conventional tuning circuit and the 
transmitting/receiving coil. 

Drawing 6(b) is the voltage map at each point of Drawing 6(a). 



In Drawing I, 

1 ... base RF wave generator 

2 ... DC pulse generator 

3 ... RF power amplifier 

4 ... tuning circuit 

5 ... transmitting/receiving coil 

6 ... Object to be inspected 

7 ... substance to be detected 

8 ... low-noise amplifier 

9 ... phase detector 

10 ... low frequency amplifier 

11 ... digital calculator 
12... data processor 

13 ... variable condenser for resonance frequency adjustment 



14 ... variable condenser for impedance adjustment 

15 ... coil segment 

16 ... inserted condenser 

17 ... tuning circuit controller 

18 ... conventional transmitting/receiving coil 

Y-axis of Drawing 2(b) ... voltage (arb. units) 

X-axis of Drawing 3 ... distance from transmitting coil (cm) 

Y-axis of Drawmg 3 ... intensity of magnetic field (arb. unite) 

x-axis of drawmg 4(a)... time (msec) ^ 

y-axis of Drawing 4(a) ... signal intensity (arb. units) 

x-axis of Drawing 4(b) . . . frequency (kHz) 

y-axis fo Drawing 4(b) ... signal intensity (arb. units) 

y-axis of Drawing 6 ... voltage (arb, units) 



